Fli-1 belongs to the Ets transcription factor family and is expressed in haematopoietic cells, including most of the cells that are active in immunity. The mononuclear phagocytes, i.e. monocytes, macrophages and dendritic cells, originate in haematopoietic stem cells and play an important role in immunity. To assess the role of Fli-1 in mononuclear phagocyte development in vivo, we generated mice that express a truncated Fli-1 protein, lacking the C-terminal transcriptional activation domain (Fli-1 DCTA ). 
Introduction
Leucocytes are divided into several subtypes of cells by functional and physical characteristics. They have a common origin in haematopoietic stem cells (HSCs) and develop along distinct differentiation pathways in response to internal and external cues. 1 The mononuclear phagocytes, i.e. monocytes, macrophages and dendritic cells, represent a subgroup of leucocytes. Monocytes are circulating blood leucocytes that play important roles in the inflammatory response, which is essential for the innate response to pathogens, development and homeostasis, in part via the removal of apoptotic cells and scavenging of toxic compounds. Furthermore, monocytes function as a considerable systemic reservoir of myeloid precursors for the renewal of some tissue macrophages Abbreviations: cDCs, classical dendritic cells; CDPs, common dendritic cell progenitors; ChIP, chromatin immunoprecipitation; Csf1, colony stimulating factor 1; Csf2ra, colony stimulating factor 2 receptor a; DCs, dendritic cells; Flt3, FMS-like tyrosine 3; Flt3L, Fms-like tyrosine kinase 3 ligand; GM-CSF, granulocyte-macrophage colony-stimulating factor; HSC, haematopoietic stem cell; MDP, macrophage and dendritic cell progenitor; ID2, inhibitor of DNA binding 2; MPPs, multipotent progenitors; pDCs, plasmacytoid DCs; PBMCs, peripheral blood mononuclear cells; STAT3, signal transducer and activator of transcription 3; Tcf4, transcription factor 4
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and antigen-presenting dendritic cells (DCs). 2 Macrophages are innate immune cells with well-established roles not only in the primary response to pathogens, but also in tissue homeostasis, coordination of adaptive immune response, inflammation, resolution and repair. 3 Dendritic cells are named for their unique morphology, which is characterized by dendrite-like extensions that mediate cell contact to regulate lymphocytes via antigen presentation, and are important antigen-presenting cells for the innate and adaptive immune response to infections and for maintaining immune tolerance to self-tissue. 4, 5 The DCs are a heterogeneous population of cells that can be divided into two major populations: classical DCs (cDCs) and plasmacytoid DCs (pDCs). Classical DCs are specialized antigen-processing and antigen-presenting cells, equipped with high phagocytic activity as immature cells and high cytokine-producing capacity as mature cells; pDCs are specialized to respond to viral infection with massive production of type I interferon; however, they can also act as antigen-presenting cells and regulate T-cell responses. 1 These mononuclear phagocytes are important sources of inflammatory cytokines, including tumour necrosis factor-a, interleukin-6 (IL-6), IL-1b etc., and chemokines. 1, 6 Recent studies revealed progenitors and differentiated cell populations of monocytes, macrophages and DCs, on the basis of the expression of multiple cell surface markers. 2, 7 Commitment to the mononuclear phagocyte lineage is determined at the stage of the macrophage and DC progenitor (MDP), at which point, erythroid, megakaryocyte, lymphoid and granulocyte fates have been precluded. The MDP give rise to monocytes and common DC progenitors (CDPs). Although monocytes can directly participate in immune responses or differentiate into macrophages or DCs, the differentiation potential of CDPs is restricted to the DC lineage. Common DPs give rise to cDCs and preclassical DCs (pre-cDCs), which subsequently give rise to DCs. 8 In these differentiation steps, several cytokines and transcription factors have been identified as key molecules in regulating mononuclear phagocyte development. Several reports have demonstrated that granulocyte-macrophage colony-stimulating factor (GM-CSF) drives inflammatory DC development from monocytes, and FMS-like tyrosine kinase 3 ligand (Flt3L) plays a critical role in the development of cDCs and pDCs in the steady state. 4, 5, 9 The use of knockout mouse models revealed key roles of several transcription factors in DC development. Many transcription factors -including interferon regulatory factors, signal transducers and activators of transcription proteins (STATs), and Ets gene family members (SpiB, PU.1) -participate in DC differentiation and homeostasis. 4, 5, [9] [10] [11] The Fli-1 gene is a member of the Ets gene family of transcription factors. 12, 13 Members of the Ets gene family are found in genomes of diverse organisms, including Drosophila, Xenopus, sea urchin, chicken, mouse and human. [14] [15] [16] Like other Ets gene family members, Fli-1 has the conserved DNA binding sequence, the Ets domain. Ets proteins bind to DNA sequences that contain a consensus GGA(A/T) core motif (Ets binding site) and function as either transcriptional activators or repressors. 15, 16 It has also been demonstrated that the Fli-1 transcription factor plays an important role in megakaryocytic differentiation and B-cell development. [17] [18] [19] [20] [21] [22] Targeted disruption of the Fli-1 gene resulted in haemorrhage into the neural tube and embryonic death, due in part to thrombocytopenia. 23 We have reported that the number of platelets in the peripheral blood was reduced, and platelet aggregation and activation were also impaired in homozygous mutant Fli-1 mice that express Fli-1 protein (Fli-1 ΔCTA ) with a truncated C-terminal regulatory (CTA)
domain. 24 Expression of Fli-1 has been implicated in systemic lupus erythematosus in both human patients and murine models. [25] [26] [27] In this report, we investigated the role of Fli-1 in development of monocytes, macrophages and DCs. We found that populations of monocytes, macrophages and DCs were significantly increased in Fli-1 
Flow cytometry analysis
Single-cell suspensions were prepared from spleen, bone marrow or peripheral blood from the wild-type B6 mice and Fli-1 ΔCTA/ΔCTA mice at the age of 8-12 weeks. The cells were stained with fluorochrome-conjugated or biotin-conjugated antibodies and analysed on a FACSCalibur flow cytometer. Data were analysed using CELLQUEST (BD Immunocytometry System, San Jose, CA) software. The antibodies were purchased from BD Pharmingen (San Diego, CA) or eBioscience (San Diego, CA). The following specific antibodies were used to characterize cell subsets: Cultures were deprived of cytokines for 1Á5-2 hr prestaining for flow cytometry. Cell sorting was performed with a FACSAria device (BD Biosciences).
Real-time PCR
Total RNA was prepared from cultured MPPs for realtime PCR analysis. A total of 1 lg RNA was used to synthesize cDNA (RT2 First Strand Kit; Qiagen, Tokyo, Japan). Real-time PCR was performed according to the manufacturer's instructions, in triplicate using RT2 SYBR GREEN ROX QPCR MASTERMIX (Qiagen) and primers were purchased from Qiagen. PCR was performed using the MYIQ machine (Bio-Rad, Hercules, CA) and relative expression analysis was performed according to the manufacturer's instructions. The cycling conditions for all genes were: pre-incubation at 95°for 10 min, followed by 40 cycles of denaturation at 95°for 15 seconds, and annealing and extension at 60°for 1 min, with a single data acquisition at the end of each extension.
Chromatin immunoprecipitation assay
Chromatin immunoprecipitation (ChIP) assay was performed as we have described previously using anti-Fli-1 rabbit polyclonal antibody. 22 The primers used for the ChIP assay are listed in Table 1 .
Statistical analysis
The unpaired Student's t-test was used to determine significant differences between the two groups. A P < 0Á05 was considered to be statistically significant. , 0Á454 AE 0Á061%, n = 4 in each group, P = 0Á0215, Fig. 1b,d ). There were no significant differences in the percentage of MDP and pre-cDCs in bone marrow from Fli-1 ΔCTA/ΔCTA mice compared with wild-type mice (Fig. 1b,c,d ).
Results

Increased
Significantly increased cDC, pDC and macrophage populations in spleens from Fli-1 ΔCTA/ΔCTA mice Next, we investigated the DC and macrophage populations in spleens from Fli-1 ΔCTA/ΔCTA mice and wild-type littermate controls. The percentage and absolute cell number of cDCs (I-A b + CD11c + ) was significantly increased in the spleen from Fli-1 ΔCTA/ΔCTA mice compared with wild-type mice (for the percentage, wild-type, 3Á845 AE 0Á222% versus Fli-1ΔCTA/ΔCTA, 7Á325 AE 0Á582%, n = 4 in each group, P = 0Á0014; for the absolute cell number, wild-type, 4Á458 9 10 6 AE 0Á553 9 10 6 versus Fli-1ΔCTA/ΔCTA, 15Á10 9 10 6 AE 1Á791 9 10 6 , n = 4 in each group, P = 0Á0013, Fig. 2a 4Á223 AE 0Á368%, n = 4 in each group, P = 0Á0011, Fig. 2a,e) . The absolute cell numbers of those three groups of cells were significantly increased in the spleens from Fli-1 ΔCTA/ΔCTA mice compared with wild-type littermates (for CD8 + cDC, wild-type, 0Á902 9 10 6 AE 0Á151 9 10 6 versus Fli-1 ΔCTA/ΔCTA , 2Á572 9 10 6 AE 0Á211 9 10 6 , n = 4 in each group, P = 0Á0007; for CD4 + cDC, wildtype, 0Á718 9 10 6 AE 0Á095 9 10 6 versus Fli-1 ΔCTA/ΔCTA , 2Á579 9 10 6 AE 0Á318 9 10 6 , n = 4 in each group, P = 0Á0014; for DN cDC, wild-type, 2Á326 9 10 6 AE 0Á251 9 10 6 versus Fli-1 ΔCTA/ΔCTA , 8Á734 9 10 6 AE 1Á157 9 10 6 , n = 4 in each group, P = 0Á0016, Fig. 2g ). The populations of pDCs, pre-cDCs and macrophages were significantly increased in spleens from Fli-1 ΔCTA/ ΔCTA mice when compared with those cells from wildtype controls (for pDCs, wild-type, 0Á165 AE 0Á022% versus Fli-1 ΔCTA/ΔCTA , 0Á285 AE 0Á019%, n = 4 in each group, P = 0Á0062; for pre-cDCs, wild-type, 0Á0250 AE 0Á0065% versus Fli-1
, 0Á0825 AE 0Á0018%, n = 4 in each group, P = 0Á0237; for macrophages, wild-type, 0Á540 AE 0Á085% versus Fli-1 ΔCTA/ΔCTA , 1Á553 AE 0Á209%, n = 4 in each group, P = 0Á041, Fig. 2b,c,d ,f). The absolute cell numbers of pDCs, pre-cDCs, and macrophages in spleen cells in Fli-1 ΔCTA/ΔCTA mice were significantly increased compared with wild-type mice (for pDCs, wildtype, 1Á928 9 10 5 AE 0Á380 9 10 5 versus Fli-1 ΔCTA/ΔCTA , 5Á803 9 10 5 AE 0Á253 9 10 5 , n = 4 in each group, P = 0Á0001; pre-cDCs, wild-type, 0Á298 9 10 5 AE 0Á066 9 10 , n = 4 in each group, P = 0Á0245; for macrophages, wild-type, 6Á278 9 10 5 AE 01Á325 9 10 5 versus Fli-1 ΔCTA/ΔCTA , 32Á79 9 10 5 AE 6Á928 9 10 5 , n = 4 in each group, P = 0Á0094, Fig. 2h ). , 0Á0725 AE 0Á0085%, n = 4 in each group, P = 0Á0125; for monocytes, wild-type, 0Á1500 AE 0Á0334% versus Fli-1 ΔCTA/ΔCTA , 0Á375 AE 0Á0337%, n = 4 in each group, P = 0Á0032, Fig. 3b,c,d ). There was no significant difference in the percentage of pDCs obtained from Fli-1 ΔCTA/ΔCTA mice and wild-type control mice (Fig. 3a,d) . B6 mice receiving BM cells from wild-type B6 mice (WF) tended to be higher compared with WW, but did not reach statistical significance (WF, 0Á198 AE 0Á070% versus WW, 0Á070 AE 0Á019%, n = 4 or n = 5 in each group, P = 0Á0901, Fig. 4a ). The percentage of monocytes in WF was significantly increased compared with WW (WF, 1Á144 AE 0Á123% versus WW, 0Á649 AE 0Á111%, n = 4 or n = 5 in each group, P = 0Á0205, Fig. 4c ). In the percentage of pDCs, there were no significant differences among each group (Fig. 4b) . mice and controls. Mean AE SD of the cells from a minimum of four mice are shown. Data are representative of three independent experiments. *P < 0Á05, **P < 0Á01. *P < 0Á05, **P < 0Á01, ***P < 0Á001, ****P < 0Á0001. (Fig. 5 ).
Fli-1 protein binds directly to the promoter region of the Flt3L gene
To assess whether Fli-1 directly or indirectly regulates the expression of Flt3L, we analysed the promoter region of the Flt3L gene. There are 15 putative Fli-1 binding sites in the promoter region of the mouse Flt3L gene. We designed 15 pairs of primers to cover these sites, and a ChIP assay was performed to examine if Fli-1 binds to the promoter of Flt3L. The primers used are listed in Table 1 . We examined the expression of Fli-1 and Flt3L in MS1 endothelial cell lines by RT-PCR and found that both Fli-1 and Flt3L are expressed in the cell line (data not shown). After immunoprecipitation by a Fli-1-specific antibody with cross-linked protein/DNA complexes from MS1 cell lines, two Fli-1 sites were significantly enriched with specific Fli-1 antibodies as detected by PCR amplification and compared with normal rabbit IgG controls (Fig. 6) . These results clearly indicate Fli-1 can directly bind to the promoter of the Flt3L gene and probably regulate the expression of Flt3L.
Discussion
Fli-1 transcription factor regulates the differentiation and development of haematopoietic lineages, especially megakaryocytic and erythrocytic lineages. [28] [29] [30] We previously demonstrated that Fli-1 modulates B-cell develop- ment and is implicated in autoimmune disease. 22, 26, 27, 31 We report here that Fli-1 also plays an important role in mononuclear phagocyte development. We found that Fli-1 ΔCTA/ΔCTA mice had significantly increased populations of HSCs and CDPs in BM compared with wild-type littermates (Fig. 1) . Therefore, Fli-1 is likely to play an important role in regulating HSC and CDP development. Expression of Fli-1 clearly affects the HSC population and lack of the CTA domain in Fli-1 resulted in the increase of the HSC population. Previous studies have demonstrated that expression of Fli-1 affects development and differentiation of megakaryocytes, erythrocytes, neutrophils and monocytes in Fli-1-deficient or Fli-1 heterozygous mice. 28, 29 Complete Fli-1 deficiency mice. Bone marrow (BM) cells were isolated from wild-type B6 and Fli-1 ΔCTA/CTA B6 mice, and were cultured in RPMI-1640 medium with 2 mM L-glutamine, supplemented with 10% fetal bovine serum, 100 U/ml penicillin/streptomycin, and 50 lM 2-mercaptoethanol with 25 ng/ml Flt3L (eBioscience), 30 U/ml stem cell factor, 2Á5 ng/ ml interleukin-6, 2Á5 ng/ml interleukin-6R, and 40 ng/ml long-range insulin-like growth factor-1. After 7 days in culture, MPPs were sorted as Flt3 À/low c-kit high CD11c À cells. Total RNA was extracted from the sorted MPPs, and converted to cDNA for using real-time PCR analysis. *P < 0Á05. Table 1 . PCR products were separated by agarose gel electrophoresis and visualized by ethidium bromide staining. Input represents 1% total cross-linked, reversed chromatin before immunoprecipitation. Fold changes were calculated by RT-PCR.
in HSCs resulted in a decrease in neutrophilic granulocyte and monocyte populations in mice. 29 In this report, we used Fli-1 DCTA/DCTA mice with expression of a truncated Fli-1 protein, lacking the C-terminal transcriptional activation domain. 24 Cell proportion and absolute cell number of pDCs, cDCs, pre-cDCs and macrophages in the spleen from Fli-1 ΔCTA/ΔCTA mice were significantly increased when compared with wild-type littermates (Fig. 2) . The splenic cDC population can be subdivided into three groups according to their surface markers. (Fig. 2) . The pDCs are strong producers of type I interferon, and type I interferon signature is linked to development of systemic lupus erythematosus. 1, 6 Expression of Fli-1 is implicated in lupus disease development in both human patients and animal models of lupus. [25] [26] [27] However, the interferon level in the serum is not detectable from Fli-1 DCTA/DCTA mice (data not shown Various cytokines, chemokines and transcription factors are involved in mononuclear phagocyte development and differentiation, and GM-CSF and Flt3L are key cytokines among them. 4, 6, 9, 35 Over-expression of GM-CSF in transgenic animals or mice receiving daily injections of a modified form of recombinant GM-CSF resulted in a significant expansion in DCs in the spleen and thymus, with the expanded DC populations most likely representing inflammatory DCs. 36, 37 The mice had a massive expansion of pDCs and cDCs in the spleen after injection of the recombinant Flt3L cytokine. 37, 38 Type I interfeorninduced mice exhibited increased populations of pDCs and suppressed cDCs. On the other hand, many transcription factors have been reported in regulating development of monocytes, macrophages and DCs. Transcription factors including the interferon regulatory factor family (IRF8, IRF4 and IRF1); STAT3, STAT5 and STAT1; E2-2, Id2 and Spi-B regulate mononuclear phagocyte development. 4, 35 To investigate the molecular mechanisms of the effect of Fli-1 on mononuclear phagocyte development, we cultured MPPs from BM cells from both Fli-1 ΔCTA/ΔCTA B6 mice and wild-type B6 mice, and examined differences among key genes that impact mononuclear phagocyte development. We found that expression of Flt3L was significantly increased in MPPs from Fli-1 ΔCTA/ΔCTA B6 mice compared with wild-type littermates (Fig. 5) . Furthermore, we demonstrated that the Fli-1 protein binds directly to the promoter region of the Flt3L gene (Fig. 6 ). We are actively investigating how Fli-1 regulates the expression of the Flt3L gene. A previous report demonstrated that STAT3 can be activated by Flt3L signalling, and that STAT3 regulates the differentiation of pDCs and cDCs from progenitors. 39 We found that expression of STAT3 was higher in MPPs from Fli-1 ΔCTA/ΔCTA B6 mice compared with wild-type mice although the difference was not statistically significant. 
